There is increasing demand for historical records of the ocean climate 1, 2 . These are 69 needed as a reference for monitoring the current state of the climate, and also to 70 initialize and validate long-range (e.g. seasonal and decadal) forecasts. Observations 71 alone are often inadequate to generate the required estimate of the ocean variables.
72
Ocean model simulations can provide some insight on the ocean variability, but they are In spite of the continuous improvements in methodology, the estimation of the historical 100 ocean state with reliable error estimates is a major challenge. In addition to the 101 estimation of the three-dimensional ocean state at a given time (the analysis problem),
102
an ocean reanalysis also provides an estimation of the time evolution. study the ocean heat content 9,10 , and to initialize seasonal 11,12 and decadal 13,14 forecasts.
114
The ensemble approach is also used in the framework of the EU funded MyOcean 115 project 15 using eddy-permitting reanalyses over the satellite period (1993-onwards).
116
The operational oceanographic community continuously carries-out coordinated inter- 
192
In what follows, we will use the term EM-ORA, EM-OO to refer respectively to the Table 1 .
195

Heat Content
196
Monthly-mean depth integrated potential temperatures (K*m) were used in this study.
197
The vertically integrated temperature was converted to ocean heat content (OHC) per 
257
The correlation between SSL-dens and SSL-residual is higher for EM-ORA (0.84) than 
Sea Level
274
The sea level from the ORAs in Table 2 at each location by removing the product-specific local linear trend.
299
The comparison with tide gauges appears in the top panels of use of an external mean dynamic topography (MDT), which differs between systems).
343
The ORA-IP can be used to gain insight into the sensitivity arising from the assimilation 344 methods, but this is beyond the scope of this paper.
345
Surface Heat Fluxes
346
The purpose of this comparison is to assess the global heat closure in ORAs, the for the study of climate variability.
395
The MLD used in this study is defined as the depth where potential density exceeds the individual reanalysis fields, which will be described in future work. improving ocean states density and T/S properties, resulting in better ENSO prediction.
446
This study evaluates the averaged salinity in the top 700m of the ocean (S700) as
447
represented by the EM-ORA and compared it with the EM-OO. As discussed, the ESD-
448
ORA gives an indication of uncertainty, and the signal-to-noise ratio provides guidance Table 2 and from two OO 506 products (EN3v2a and ARMOR3D) have been used.
507
The absolute value of D20 depends on the vertical discretisation of the model used in Fig .7 shows the spatial pattern of D20 in the EM-ORA (Fig.7a) , the differences between 517 the two OO products (Fig.7b) , and the difference between EM-ORA and each of the OO 518 products ( Fig.7c and Fig.7d ). On average, EM-ORA is shallower than the OO products in 519 the centre of gyres, and deeper on both eastern and western boundaries of the ocean 520 basins. There are also large differences at the western boundaries, especially along the
521
Gulf Stream, which may be related with the misrepresentation of the path of western 522 boundary currents by the models. However, differences along the western boundary 523 currents are also large between the OO products EN3v2a and ARMOR3D (Fig.7b) .
524
Compared to the OO products, the D20 EM-ORA is slightly deeper in the Equatorial
525
Indian, Atlantic and Eastern Pacific Oceans, and shallower in the Pacific Warm Pool. The 526 reasons for this unexpected difference will be investigated in future work. these products do not appear in Table 2 ).
544
Sea ice models used here include two community models, the Los Alamos Community assimilation) that may be contributing to these differences is a topic of on-going study.
571
Such large biases may limit the usefulness of these products for seasonal forecasting. products, thus providing guidance on the adequacy of the ensemble approach.
581
The intercomparison has focused on a small set of ocean variables, interpolated into a 582 common horizontal grid, and for a limited set of vertical levels (when applicable). The
583
intercomparison period is mainly 1993-2010, although shorter periods are also used.
584
Where relevant (mixed layer, ocean heat content, steric height, sea level, salinity and (changing observing system -e.g. differences before and after Argo, forcing fields, 611 assimilation methods and error specification).
612
The intercomparison of sea-ice showed a large uncertainty in the estimation of sea-ice 613 thickness, which is largely unconstrained by the assimilation methods, highlighting the 614 need for observations of ice thickness for both assimilation and validation.
615
This ORA-IP has also identified areas where the uncertainty is large, thus providing a 616 focus for future developments in the observing system and modelling/data assimilation.
617
The deep ocean (below the top few hundred metres), the Southern Ocean (Antarctic Note that SODA only includes grid boxes that span the full column and therefore will tend to underestimate OHC changes as the depth of integration increases. ARMOR3D and EN3 are obs-only analyses and do not include a dynamic model component. [UoR in legend corresponds to the URO25.5 in Table 2 ]. 
